The present study aimed to characterize the mesoclimate of the municipality of Água Doce, Brazil, and its influence on the phenological development and thermal requirements of autochthonous Italian varieties (Vitis vinifera L). The climate data were provided by a local automatic weather station. The principal phenological stages of red varieties (Aglianico,
Introduction
The state of Santa Catarina is Brazil's second largest producer of grapes (Vitis vinifera L.) for winemaking. Although this is a recent activity in the southern uplands of Planalto Serrano and Campos de Palmas (over 900 m a.s.l.), climate research have shown that these areas have a great potential to grow high quality grapes for the production of wines (Gris et al., 2010; Borghezan et al., 2011; Malinovski et al., 2012; Borghezan et al., 2014; Brighenti et al., 2015) .
The timing and duration of the phenological stages of grapevines are strongly affected by environmental factors, particularly air temperature Jones et al., 2010) . Knowledge of thermal conditions is useful to predict the evolution of those stages. This is important in the planning of vineyard operations, the assessment of weather-related risks, and in the strategies for the use of pesticides. Various bioclimatic indices concerning air temperature were proposed for the classification of winegrowing regions and the estimation of thermal requirements for the complete development of grapevine varieties. The Winkler Index-WI (Winkler et al., 1974) and the Huglin Index-HI (Huglin, 1978) are the most used indicators.
Longer phenological cycles are observed in the uplands of Santa Catarina when compared to other winegrowing regions in Brazil. This is related to a great availability of solar radiation and lower night-time temperatures. With longer ripening periods, vines produce grapes of higher enological quality. In this paper, we characterize the mesoclimate of the municipality of Água Doce, and assess the phenological development and thermal requirements of autochthonous Italian varieties (Vitis vinifera L.).
Materials and Methods

Location and Sampling
The work was carried out at the experimental area of the Villaggio Grando winery in the location of Água Doce (26°43′53″S; 51º30′26″W; 1300 m a.s.l.). Chemical properties of the soil, classified as Humic Cambisol (EMBRAPA, 2006) , are presented in Table 1 .
Planting was realized in 2006, the plants were conducted on a vertical trellis system, spaced out 1.5 m between plants and 3.0 m between lines, with N-S orientation. Pruning was carried out using the double cordon spur pruning system, leaving two buds per spur.
Three consecutive phenological cycles (2009-2010, 2010-2011, 2011-2012) were evaluated for 12 grapevine varieties: Aglianico, Ancellotta, Lambrusco, Malvasia Nera, Negroamaro, Nero d'Avola, Primitivo, Sangiovese, and Rebo (red); Fiano, Garganega, and Vermentino (white). 
Climatic Parameters
Climate data were provided by an automatic weather station located at the vineyard and run by the state meteorology service (EPAGRI/CIRAM). Daily data of maximum, mean and minimum air temperature, precipitation, air humidity, and sunlight were collected. Climatological averages in the period of 1961-2012 were provided by a meteorological database, adopting a basal temperature of 10 o C .
From the collected data of air temperature, the heat summations, expressed in Growing Degree Days (GDD), were calculated according to the Winkler and Huglin Index, adopting a basal temperature of 10 o C .
The Cool Night Index (CI) was calculated using a formula described by Tonietto and Carbonneau (1999) and considering the thermal conditions of the ripening period of the grapevines.
Phenology
The BBCH scale was used to define the phenological development stages (budbreak-BBCH07, flowering-BBCH65, veraison-BBCH85 and harvest) of the grapevines (Lorenz et al., 1995) .
Statistical Analysis
Five replicates of eight plants each were taken at random, totaling 40 plants per variety. The mean, standard www.ccsenet.org/jas Journal of Agricultural Science Vol. 8, No. 5; 2016 deviation, and coefficients of variation of the climate data were found and variance analysis was applied to the phenological data. Results significantly different were averaged and subjected to Tukey's test at a level of significance of 5%. Calculations were performed by the software Statistics 13 (StatSoft Inc., Tulsa, USA). Table 2 shows climate parameters for the vegetative and reproductive stages of grapevines. The highest air temperatures occurred between flowering and veraison, from November to February. It should be noted that, in all three phenological cycles, the minimum temperatures were higher than the climatological average, i.e., they presented a positive anomaly. Higher annual minimum temperatures were also reported by Back et al. (2013) , in Santa Catarina; by Malheiro et al. (2010) , in different regions of Europe; and by Sadras et al. (2012) , in Barossa Valley, Australia. This has been considered a global climate trend. Table 2 . Climate parameters and climatological averages for the phenological stages of grapevines in the cycles of 2009-2010, 2010-2011, and 2011-2012 Note. CA: climatological average; CD: chronological duration; T max, T min, T mean: average maximum, minimum, and mean air temperature; RH: relative humidity; Precip.: precipitation.
Results and Discussion
Climate Parameters
In the Winkler Index, Água Doce is ranked "Region II", the same as the renowned winegrowing regions of Bordeaux, in France; Perugia, in Italy (Winkler, 1974) ; and San Francisco Bay, in the United States .
In the Huglin Index, the area is classified as "Cold". For comparison, the southern region of Bento Gonçalves is classified as "Warm temperate", and the northern region of Petrolina is classified as "Very warm" (Tonietto & Carbonneau, 1999) .
In the Cool Night Index, the area is classified as "Region of cool nights" (12 ºC < T ≤ 14 ºC), the same as the regions of Bordeaux, in France; and Treviso, in Italy (Tonietto & Carbonneau, 1999) . Cool conditions at night-time are favorable to the growing of grapes with better color and aroma (Back et al., 2013) .
A mean precipitation of 1075 mm was calculated for the three growing season. In the 2009-2010 cycle, rainfall was higher due to the climatic phenomenon of "El Niño" and the incidence of diseases increased, especially during the veraison stage. On the other hand, in the 2011/2012 cycle, rainfall was lower than the climatological average, which favors quality of the grapevine.
www.ccsenet.org/jas Journal of Agricultural Science Vol. 8, No. 5; 2016 Sunlight was highest in the phenological cycle of 2011-2012 (budbreak to harvest), even higher than the climatological average (Table 2 ). For comparison, in 2010, the region of São Joaquim was exposed to an average sunlight of 1380 hours (Gris et al., 2010) . In a study on historical data from 2000 to 2009, Ribolli (2011) reports that the region of Trento, Italy, was exposed to 1400 hours of sunlight during the vegetative and reproductive cycles of the Marzemino variety (March to September in the northern hemisphere). On the other hand, the climatological average of sunlight in the region of Água Doce is about 16% smaller than that in Sao Joaquim and Trento. Figure 1 shows the duration of phenological stages per variety per cycle, and the dotted lines are the averages of the beginning phenological stage of all varieties studied. Budbreak occurred mostly in September for all varieties. Rebo was the earliest variety to budbreak (15 September, average) and Garganega was the latest (3 October, average). Rebo also presented the smallest cycle-to-cycle variability (standard deviation) in budbreak, while Primitivo presented the greatest one. The difference is probably due to edaphoclimatic conditions. Similar results were observed for other grapevine varieties in Santa Catarina (Brighenti et al., 2013 , Brighenti et al., 2014 and in Veneto, Italy (Tomasi et al., 2011) . In high altitude zones, early budbreak varieties are more susceptible of the frost demage (Brighenti et al., 2013) , and because of this it is important the right choice of the varieties to be cultivated.
Phenology
Flowering occurred from mid-November. Varieties presenting earliest and latest budbreaks also presented earliest and latest flowering, as observed by Tomasi et al. (2011) and Brighenti et al. (2013) . Ancellotta presented the lowest cycle-to-cycle variation. Malvasia Nera presented the highest cycle-to-cycle variation and the largest time interval (26 days) between the earliest and latest flowering stages (Figure 1 ).
From In a study with 22 varieties of Vitis vinifera L. of Água Doce (Feldberg et al., 2011) , Chardonnay and Cabernet Sauvignon were considered early and late varieties, respectively. Budbreak and harvest of Chardonnay were earliest (10 September and 13 March, respectively). Budbreak and harvest of Cabernet Sauvignon were latest (15 October and 14 April, respectively). In the present work, concerning budbreak and harvest timings, most of the varieties investigated are considered of intermediate cycle and classified as medium-late. In general, cultivation of early budbreak varieties at high altitudes (over 900 m a.s.l.) in Santa Catarina is limited due to the occurrence of late frosts.
From Table 3 . Average heat summation for each phenological stage of of grapevines in the cycles of 2009-2010, 2010-2011, and 2011-2012 Values with same letter within column are not significantly different by Tukey's test at a 5% probability.
The stage from budbreak to flowering presented an average thermal requirement of 338 GDD and average duration of 58 days. The induction of flowering stimulus occurs with rising air temperatures and high sunlight availability in the year preceding the harvest, as observed in the region studied in the present work ( Table 2 ). The stage from flowering to veraison presented an average thermal requirement of 766 GDD (highest) and average duration of 79 days. The stage from veraison to harvest presented an average thermal requirement of 433 GDD and average duration of 54 days. Negroamaro, Rebo, and Fiano presented the highest thermal requirement, while Malvasia Nera, Garganega, and Ancellotta presented the lowest one. Differences in the duration of the veraison stage are due to varietal characteristics and environmental influences such as solar radiation, air temperature, photoperiod, and water availability.
There was an annual variation in the duration of the phenological stages of each variety (Figure 1 ) which may be related to the interaction between genotype and weather conditions. Similar variations were observed in the phenological cycles of 22 grapevine varieties in Conegliano, Italy, from 1964 to 2009 (Tomasi et al., 2011) .
The average heat summation for each phenological cycle were 1740 GDD (205 days, 2009 -2010 ), 1463 GDD (187 days, 2010 ), and 1408 GDD (177 days, 2011 , with daily average of 8.5 GDD, 7.8 GDD, and 8.0 GDD, respectively. For comparison, the Cabernet Sauvignon variety (considered late cycle) presented a heat summation of 1430 GDD (214 days) and daily thermal requirement of 6.7 GDD in São Joaquim/SC (Brighenti et al., 2013) ; and a heat summation of 2072 GDD (174 days) and daily thermal requirement of 11.9 GDD in Campanha, Rio Grande do Sul (Radünz et al., 2015) . Thus, the weather parameters of the varieties cultivated in Água Doce are found to lie between those of São Joaquim e Campanha and are due to location and regional thermal conditions.
Conclusion
Água Doce was found to possess appropriate thermal conditions for adequate phenological development of the grapevine varieties investigated.
The duration of the phenological stages of each grapevine variety is dependent on the interaction between genotype and environment, particularly local average ambient temperatures. The Rebo variety presented the earliest budbreak timing, while Garganega presented the latest one. Vermentino presented the earliest harvest timing, while Malvasia Nera e Lambrusco presented the latest one.
The heat summation (averaged 1537 GDD) varies with phenological cycle and variety. The phenological stage from flowering to veraison presented the highest thermal requirement.
The lower average temperatures observed in Água Doce, when compared to those in other regions where the varieties are traditionally produced, cause longer growing cycles and consequently a shift in the timing of the phenological stages of the grapevines.
